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The  electrochemical  deposition  of  platinum  on  a  titanium  bipolar  plate  (Pt/Ti)  was  studied  for  applications 
in  a  unitized  regenerative  fuel  cell  (URFC).  Platinum  deposition  on  the  titanium  plate  was  carried  out 
in  the  platinum  precursor  solution  (1.8 g dm-3)  at  constant  acidity  (pH  1.0)  and  temperature  (90 °C). 
The  pre-treatment  of  the  titanium  plate  and  the  applied  deposition  current  density  were  optimized  to 
obtain  uniform  deposition  of  platinum  on  the  titanium  plate.  New  bipolar  plates  were  prepared  using  the 
optimized  deposition  process  and  were  used  in  a  URFC.  Electrochemical  deposition  of  platinum  on  the 
titanium  plate  can  effectively  prohibit  the  formation  of  a  passive  oxide  layer  and  corrosion  on  the  surface 
of  the  bipolar  plate,  leading  to  lower  resistance  and  better  performance.  In  addition,  the  stability  of  URFC 
performance  after  the  operation  of  the  cell  at  2.0  V  for  1  h  was  significantly  improved  by  the  platinum 
deposition  on  the  titanium  bipolar  plate.  This  improvement  was  mainly  due  to  reduced  corrosion  on  the 
surface  of  the  bipolar  plate. 

©  2009  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Bipolar  plates  play  several  critical  roles  in  the  fuel  cell,  which 
include  distributing  fuel  and  coolant,  managing  heat  and  water, 
collecting  current,  separating  cells,  and  mechanically  supporting 
the  membrane  electrode  assembly  (MEA)  [1-5].  Typically,  carbon- 
based  bipolar  plates  can  be  used  for  the  polymer  electrolyte  fuel  cell 
(PEFC)  due  to  their  chemical  and  thermal  stability,  hydrophobicity, 
and  electrical  conductivity  [2-8].  However,  the  use  of  a  carbon  bipo¬ 
lar  plate  is  restricted  for  their  application  in  a  unitized  regenerative 
fuel  cell  (URFC)  due  to  the  higher  potential  operation  (>1.5  V)  in 
the  electrolyzer  mode.  Specifically,  the  carbon  bipolar  plate  shows 
severe  corrosion  on  the  contact  area  between  the  carbon  bipolar 
plate  and  the  electrode  at  the  extreme  end  of  potential  range  [9]. 
This  significant  corrosion  on  the  carbon  bipolar  plate  causes  a  high 
contact  resistance  and  poor  cell  performance. 

In  order  to  avoid  the  carbon  corrosion  on  the  bipolar  plate, 
some  materials  such  as  stainless  steel,  aluminum,  and  titanium 
have  been  investigated  as  alternative  materials  [4,7,10-15].  Among 
them,  titanium  is  a  highly  promising  material  because  it  provides 
high  corrosion  resistance,  good  mechanical  strength,  and  titanium 
ions  are  not  too  poisonous  for  catalysts  and  membranes  [17].  How¬ 
ever,  these  metal  bipolar  plates  also  show  gradual  surface  corrosion 
in  the  highly  acidic  environment  of  fuel  cell  operation.  The  corro¬ 
sion  finally  causes  the  formation  of  a  passive  oxide  layer  on  the 
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surface  of  metal  during  fuel  cell  operation  [1-7,15-20].  The  for¬ 
mation  of  this  layer  leads  to  an  increase  in  contact  resistance  and 
a  decrease  in  cell  performance.  Thus,  in  order  to  avoid  the  sur¬ 
face  corrosion  and  the  formation  of  a  passive  oxide  layer  for  the 
reasonable  stability  of  URFC  performance,  several  methods,  i.e., 
composites,  sputtering,  and  other  deposition  techniques  are  inves¬ 
tigated  [3,9,1 2-1 5,21  ].  Among  those,  the  deposition  techniques  are 
those  considered  in  this  study.  Electro-deposition  is  a  relatively 
simple  technique,  and  adhesion  of  metal  ions  on  the  substrate  could 
be  optimized  with  the  substrate  metal  type,  surface  pre-treatment, 
and  deposition  conditions. 

The  URFC  devices  have  specific  applications  for  space  explo¬ 
ration  [22].  In  order  to  evaluate  the  feasibility  of  URFC  components 
such  as  bifunctional  oxygen  cathode  and  gas  diffusion  layer,  it  is 
necessary  to  use  high  stability  bipolar  plates.  The  main  objective  of 
this  work  is  to  provide  the  metal  bipolar  plate  with  high-durability 
and  good  performance  for  long-term  operation  of  a  URFC.  Plat¬ 
inum  was  deposited  on  the  titanium  substrate  (Pt/Ti)  to  protect  Ti 
from  corrosion  and  from  the  formation  of  oxide  layers.  The  perfor¬ 
mance  and  the  stability  of  the  fuel  cell  with  the  platinum-deposited 
titanium  plate  were  studied  under  URFCs  conditions. 

2.  Experimental 

2.1.  Chemical  and  materials 

Oxalic  acid  (98%),  concentrated  sulfuric  acid  solution  (96.7%), 
and  the  platinum  precursor  material  (platinum  chloride,  99.99%) 
were  purchased  from  Sigma-Aldrich.  Titanium  blocks  (98.9% 
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Table  1 

Electro-deposition  conditions,  Pt  particle  sizes,  and  electrical  conductivity  of  titanium  substrate  after  the  platinum  deposition. 


Current  density  (mA  cm-2 ) 

Tde  (min) 

Particle  size  of  Pt  (nm) 

Thickness  of  coating 
layer  (|jLm) 

Surface  composition 
of  plate  (%) 

Pt  Ti 

Electrical  conductivity 
(Scrrr1) 

0 

0 

0 

0 

0 

100 

54 

1 

178.6 

9.0 

0.57 

33.1 

66.9 

65 

5 

35.3 

10.9 

0.98 

71.7 

28.3 

105 

10 

17.7 

13.2 

1.21 

70.6 

29.4 

78 

50 

3.5 

15.1 

1.27 

70.1 

29.9 

58 

purity,  7.5  cm  x  7.5  cm  x  1.2  cm)  were  machined  as  the  bipolar 
plates.  The  bipolar  plates  were  designed  to  form  serpentine  type 
of  flow-fields  with  a  surface  area  of  5  cm2.  The  depth  and  width  of 
the  channel  in  the  flow-field  were  both  1  mm. 

2.2.  Surface  pre -treatment  of  titanium  plate 

The  titanium  plate  was  physically  polished  with  sand  paper  (Sil¬ 
icon  carbide  grinding  paper  #2400)  with  a  grinder  (Phoenix  Alpha 
grinder,  BUEHLER)  and  then  again  polished  with  alumina  (0.05  p,m, 
Gamma  Micropolish  II)  on  rubbing  fur.  Then,  the  titanium  plate  was 
immersed  in  an  oxalic  acid  solution  ( 1 5%)  at  90  °C  for  5  h,  and  in  con¬ 
centrated  sulfuric  acid  (96%)  at  90  °C  for  1  min.  Finally,  the  titanium 
plate  was  washed  several  times  in  hot  de-ionized  water. 

2.3.  Deposition  of  platinum  on  titanium  plate  using 
electrochemical  deposition  process 

The  electrochemical  deposition  experiments  were  carried  out 
in  a  plating  bath  (2  L)  using  a  platinum  mesh  counter  electrode,  a 
Hg/HgCl  reference  electrode,  a  titanium  plate  working  electrode 
and  a  power  supply  (Potentiostat/Galvanostat  EG&G  Princeton 
Applied  Research,  Model  273A).  The  liquid  level  of  the  platinum 
precursor  solution  in  the  plating  bath  was  tightly  set  at  the  height 
of  the  titanium  plate.  The  concentration  of  the  platinum  precursor 
solution  was  constantly  controlled  to  be  1.8  g dm-3.  The  temper¬ 
ature  and  pH  of  the  platinum  precursor  solution  were  controlled 
to  remain  at  90  °C  and  below  pH  1  during  the  deposition  process. 
After  the  set-up  for  the  deposition  process  in  the  platinum  precur¬ 
sor  solution,  a  constant  current  was  applied  to  the  titanium  plate 
for  a  constant  time,  as  shown  in  Table  1 .  After  the  completion  of  the 
electrochemical  deposition,  the  platinum-deposited  titanium  plate 
was  immersed  in  hot  de-ionized  water  for  6  h.  Next,  the  tempera¬ 
ture  of  the  beaker  was  cooled  down  to  room  temperature.  Finally, 
the  platinum-deposited  titanium  plate  was  pulled  out  and  dried. 

2.4.  Characterization  studies 

The  platinum-deposited  titanium  bipolar  plates  were  character¬ 
ized  by  X-ray  diffraction  (XRD),  X-ray  fluorescence  (XRF,  Fischer, 
Model  XDAL),  and  scanning  electron  microscope  (SEM).  The  par¬ 
ticle  size  of  the  platinum  on  the  titanium  plate  was  identified 
by  XRD  using  a  Rigaku  D/max-rc  (12  kW)  equipped  with  a  rotat¬ 
ing  Cu  anode.  The  surface  composition  and  the  coating  thickness 
on  the  titanium  plate  were  confirmed  by  the  XRF  measurement. 
The  surface  morphology  and  composition  of  each  component  on 
the  titanium  bipolar  plate  after  the  electrochemical  deposition  of 
platinum  was  investigated  with  an  FEI  Quanta  200  Environmental 
Scanning  Electron  Microscope  equipped  with  the  energy  disper¬ 
sive  X-ray  (EDX).  The  electrical  conductivities  (through-plane)  of 
the  platinum-deposited  titanium  plates  were  measured  with  the 
two-probe  method  [23]  using  a  high  frequency  response  ana¬ 
lyzer  (Solartron  Instruments,  Model  1287).  The  resistance  of  the 
platinum-deposited  titanium  plate  was  determined  with  high  fre¬ 


quency  resistance.  The  electrical  conductivity  was  calculated  using 
the  resistance,  the  thickness  of  plate  and  the  distance  between  the 
electrodes. 

2.5.  MEA  preparation  and  operation  ofURFC 

Nation  112  (Alfa  Aesar)  was  used  to  prepare  the  MEA.  A  com¬ 
mercial  E-TEK  electrode  (0.5  mg  cm-2  Pt  loading)  was  used  as  the 
anode.  The  cathode  consisted  of  unsupported  Ptlr  black  catalyst 
with  a  catalyst  loading  of  4  mg  cm-2  prepared  using  a  brushing 
technique.  The  Ptlr  catalyst  was  made  by  physically  mixing  plat¬ 
inum  black  (Johnson  Matthey )  and  iridium  black  (Johnson  Matthey) 
in  an  85  wt%/l  5  wt%  ratio,  and  then  applying  the  gas  diffusion  layer 
(GDL).  The  Nation  content  in  the  catalyst  layer  was  20wt%.  The 
electrodes  and  the  membrane  were  assembled  by  hot-pressing  at 
140 °C  and  800  psi  for  3  min. 

The  URFC  performance  was  determined  by  using  a  single  cell 
with  an  electrode  area  of  5  cm2.  The  cell  temperature  was  con¬ 
stantly  maintained  at  75  °C.  In  fuel  cell  mode,  hydrogen  and  oxygen, 
humidified  to  100%  relative  humidity  (RH),  were  supplied  to  the 
anode  and  the  cathode,  respectively.  In  electrolyzer  mode,  de¬ 
ionized  water  was  supplied  to  the  bifunctional  oxygen  electrode. 
The  polarization  curves  of  the  URFCs  were  galvanostatically  mea¬ 
sured  by  a  power  supply  [9,24,25]. 

3.  Results  and  discussion 

The  surface  morphology  of  a  substrate  is  one  of  the  most  impor¬ 
tant  factors  for  electrochemical  deposition.  Fig.  1  shows  the  surface 
morphology  of  the  Ti  substrate  before  and  after  the  acidic  solu¬ 
tion  treatment.  The  bare  titanium  has  a  rough  surface  morphology 
before  the  acidic  treatment.  After  the  acid  treatment,  the  titanium 
substrate  has  various  types  of  pores  and  a  larger  surface  area  due  to 
the  effective  corrosion  of  the  oxalic  acid  and  sulfuric  acid  solutions. 
Additionally,  the  EDX  results  indicated  that  no  contaminants  were 
found  for  the  acid-treated  titanium  substrate,  as  shown  in  Fig.  2. 

The  surface  morphology  of  the  titanium  substrate  can  affect  the 
platinum  deposition.  Fig.  3  shows  the  adhesion  of  platinum  to  the 
titanium  substrate  with  and  without  the  acidic  solution  treatment. 
Without  this  treatment,  the  platinum  shows  poor  adhesion  to  the 
titanium  surface  due  to  the  lower  surface  area  and  the  lower  sur¬ 
face  energy.  The  platinum  deposited  onto  the  titanium  substrate 
without  any  acidic  treatment  can  be  easily  removed  by  physical 
rubbing.  On  the  other  hand,  the  platinum  deposited  on  the  titanium 
with  etching  treatment  showed  good  adhesion,  even  when  the  sub¬ 
strate  was  scrubbed  or  physically  bent.  Thus,  it  is  found  that  the 
surface  morphology  and  pre-treatment  technique  of  the  titanium 
substrate  is  very  important  for  the  adhesion  of  electro-deposited 
platinum  onto  the  titanium  plate. 

Fig.  4  shows  images  of  the  titanium  substrates  after  the  platinum 
deposition  at  different  current  densities.  The  titanium  substrates 
show  a  change  of  color  with  increasing  current  density  due  to  the 
dense  accumulation  of  nano-sized  platinum  on  the  titanium  sur¬ 
face.  In  addition,  the  XRD  results  reveal  an  increase  in  platinum 
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Fig.  1.  The  surface  morphology  of  a  bare  titanium  substrate  (a)  before  and  (b)  after  the  treatment  in  the  acidic  solution. 


2.00  4.00  6.00  8.00  10.00  12.00  keV 

Fig.  2.  Elemental  analysis  using  EDX  after  the  acidic  treatment  of  the  titanium 
substrate. 


crystalline  size  with  the  increase  of  applied  current  density  to  the 
titanium  plate,  as  shown  in  Table  1.  In  order  to  obtain  the  same 
platinum  coating  thickness,  the  duration  of  the  electrochemical 
deposition  (Tde )  was  changed  for  each  different  current  density.  The 
thickness  of  the  platinum  layer  on  the  titanium  substrate  increased 
with  increasing  current  density.  The  observed  results  are  probably 
due  to  a  different  deposition  rate  of  platinum  onto  the  titanium  sub¬ 
strate  and  a  different  mechanism  of  platinum  particle  nucleation 
and  growth  at  different  current  densities. 

By  increasing  the  applied  current  density  on  the  titanium  sub¬ 
strate,  the  metal  composition  on  the  surface  saturated  with  a  ratio 
of  70:30  in  Pt:Ti  components,  as  shown  in  Table  1 .  Additionally,  the 
resistance  changed  with  the  increase  in  applied  current  density  on 
the  titanium  substrate.  In  other  words,  the  electrical  conductivity 
of  each  titanium  substrate  after  the  electrochemical  deposition  of 
platinum  increased  with  increasing  current  density. 

Fig.  5  shows  the  surface  morphology  of  the  titanium  substrate 
after  the  electrochemical  deposition  of  platinum.  The  Pt/Ti  with  a 
current  density  of  1  mAcm-2  shows  the  different  platinum  par¬ 
ticle  sizes  and  shapes  with  other  samples.  The  Pt  particle  size 
in  the  titanium  substrate  with  a  current  density  of  1  mA  cm-2  is 


Fig.  3.  The  adhesion  of  platinum  onto  the  titanium  substrate  (a)  without  and  (b)  with  acidic  treatment  (The  electrochemical  deposition  was  carried  out  in  the  Pt  precursor 
solution  with  a  50  mAcm-2  of  current  density.). 


o 
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Fig.  4.  The  change  of  color  in  the  titanium  plate  with  increasing  current  density  [The  number  is  the  applied  current  density  (mAcm-2)  during  the  electrochemical  deposition 
process  of  platinum  onto  the  titanium  substrate.]. 
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Fig.  5.  The  surface  morphology  of  the  titanium  substrate  after  the  electrochemical  deposition  of  platinum  with  various  current  densities  of  (a)  1  mAcirr2,  (b)  5  mAcirr2,  (c) 
10  mA cm-2,  and  (d)  50  mA cm-2  (The  red  arrows  point  out  the  exposed  titanium  surface.).  (For  interpretation  of  the  references  to  color  in  this  figure  legend,  the  reader  is 
referred  to  the  web  version  of  the  article.) 


approximately  1  p,m  and  the  platinum  particles  have  the  smooth 
surface  and  have  a  round,  ball  shape.  On  the  other  hand,  the  plat¬ 
inum  particle  size  of  Pt/Ti  increases  to  over  2  p,m  with  current 
densities  of  5, 10,  50  mAcnrr2  and  numerous  nano-sized  platinum 


particles  are  newly  grown  on  the  surface  of  pre-existing  platinum 
particles.  Specifically,  the  Pt/Ti  with  lower  and  higher  current  den¬ 
sities,  such  as  1  and  50  mA  cm-2,  are  not  completely  covered  by  the 
platinum.  This  result  indicates  that  the  titanium  surface  is  locally 


Fig.  6.  The  surface  morphology  of  the  titanium  substrate  with  a  different  Tde  of  platinum.  Tde  =  35.3  min  for  (a)  and  (b);  106  min  for  (c)  and  (d).  Specifically,  (b)  and  (d)  are 
the  enlarged  scale  of  (a)  and  (c)  after  the  electrochemical  deposition  of  platinum. 
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exposed,  and  this  exposure  affects  the  electrical  conductivity  of 
the  titanium  plate.  Thus,  it  is  found  that  the  electrical  conductiv¬ 
ity  of  the  titanium  substrate  after  the  electrochemical  deposition 
of  platinum  with  the  current  density  of  50  mAcnrr2  is  lower  than 
that  of  others  due  to  the  exposed  titanium.  Additionally,  the  cur¬ 
rent  density  of  5  mA  cm-2  is  an  optimum  value  for  compact  and 
good  surface  morphology,  and  higher  electrical  conductivity  of  the 
titanium  substrate.  Therefore,  the  applied  current  density  to  the 
titanium  substrate  is  one  of  the  factors  that  affect  the  properties 
of  the  Pt  coating.  Fig.  6  shows  the  effect  of  the  duration  of  elec¬ 
trochemical  deposition  of  platinum  onto  the  titanium  substrate. 
Figs.  6(a)  and  (b)  shows  the  surface  morphology  of  the  Pt/Ti  with  a 
platinum  deposition  time  (Tde)  of  35.3  min.  Micro-sized  platinum 
particles  are  uniformly  deposited  on  the  titanium  substrate  with 
^de  =  35.3  min  in  Fig.  6(a).  Additionally,  numerous  nano-sized  plat¬ 
inum  particles  are  grown  again  on  the  pre-existing  micro-sized 
platinum  particles  in  the  enlarged  SEM  photo,  as  shown  in  Fig.  6(b). 
These  platinum  particles  have  a  size  of  around  lOOnm  and  are 
tetrahedron-shaped. 

Figs.  6(c)  and  (d)  shows  the  surface  morphology  of  the  Pt/Ti 
with  a  Tde  of  106  min.  As  shown  in  Fig.  6(c),  micro-sized  platinum 
particles  are  uniformly  deposited  on  the  bottom  line  of  the  tita¬ 
nium  substrate.  Flowever,  new  micro-sized  platinum  agglomerates 
bloomed  on  the  surface  of  the  pre-deposited  titanium  substrate.  In 
addition,  as  shown  in  Fig.  6(d),  platinum  is  grown  on  the  bloomed 
micro-sized  platinum  particles  from  the  nucleation  point,  which 
is  shown  by  the  needle  shapes  in  the  enlarged  SEM  photo.  There¬ 
fore,  it  is  clear  that  the  platinum  morphology  is  sufficient  with  a 
^de  of  35.3  min.  A  longer  platinum  deposition  time  affects  the  sur¬ 
face  morphology  and  makes  a  needle  type  of  platinum  particle.  It  is 
anticipated  that  the  needle  type  of  growth  in  the  platinum  particles 
may  become  an  issue  for  the  stability  of  the  membrane  at  the  edge 
of  the  membrane  electrode  assembly  (MEA)  due  to  penetration  of 
the  membrane.  Thus,  it  is  certain  that  a  longer  duration  is  not  effec¬ 
tive  for  the  deposition  of  platinum  from  the  view  point  of  surface 
morphology  and  cost  issues. 

The  pre-treatment  of  the  substrate,  the  applied  current  density, 
and  the  duration  are  the  important  factors  for  the  electrochemi¬ 
cal  deposition  of  platinum  on  titanium  substrates.  The  acidity,  the 
concentration,  and  the  temperature  control  of  the  platinum  pre¬ 
cursor  solution  are  also  important  factors  for  the  preparation  of 
platinum-deposited  titanium  bipolar  plates.  They  affect  the  deposi¬ 
tion  process  and  the  surface  morphology  of  the  platinum-deposited 
titanium  substrate.  In  order  to  obtain  good  surface  morphology 
and  high  bipolar  plate  performance,  in  this  study  the  acidity  of 
the  platinum  precursor  solution  was  controlled  with  a  pFI  meter 
to  be  below  a  pH  of  1.  The  concentration  of  the  platinum  precur¬ 
sor  solution  was  constantly  controlled  to  be  1.8  g  dm-3  during  the 
electro-deposition  process.  Additionally,  the  temperature  of  the 
platinum  precursor  solution  was  controlled  to  remain  at  90  °C.  This 
value  was  optimized  for  good  adhesion  of  platinum  particles  onto 
the  titanium  substrate  through  several  iterations  of  trial  and  error. 
With  these  conditions  for  the  electrochemical  deposition  of  plat¬ 
inum,  we  prepared  the  new  platinum-deposited  titanium  bipolar 
plates  for  the  operation  of  URFC. 

Fig.  7  shows  the  initial  performance  of  the  unit  cell  of  the  URFC  in 
both  fuel  cell  mode  and  electrolyzer  mode  with  the  titanium  bipo¬ 
lar  plates  before  and  after  the  platinum  deposition.  As  shown  in 
Fig.  7(a),  the  performance  of  the  unit  cell  significantly  increased  in 
fuel  cell  mode.  This  increase  in  performance  is  due  to  the  decrease 
in  the  ohmic  resistance  after  platinum  deposition  on  the  titanium 
bipolar  plate.  The  ohmic  resistances  of  the  cell  with  titanium  bipolar 
plates  before  and  after  the  electrochemical  deposition  of  platinum 
were  0.39  and  0.15  £2,  respectively.  The  significant  decrease  of 
ohmic  resistance  results  from  the  electrochemical  deposition  of 
platinum  on  the  titanium  bipolar  plate,  because  the  other  com- 
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Fig.  7.  The  initial  performance  of  unit  cell  in  both  (a)  fuel  cell  mode  and  (b)  elec¬ 
trolyzer  mode  of  URFC  with  the  Ti  and  Pt/Ti  bipolar  plates. 


ponents  in  the  MEA  are  almost  the  same.  This  finding  means  that 
electrochemical  deposition  of  platinum  on  the  titanium  bipolar 
plate  can  effectively  suppress  the  formation  of  a  passive  oxide  layer 
[9],  resulting  in  high  cell  performance.  As  shown  in  Fig.  7(b),  simi¬ 
lar  results  were  obtained  in  electrolyzer  mode.  In  other  words,  the 
increase  of  potential  in  electrolyzer  mode  was  highly  suppressed 
with  the  Pt/Ti  bipolar  plate  due  to  the  decrease  of  ohmic  resistance, 
leading  to  a  good  cell  performance.  Furthermore,  Table  2  shows  the 
ohmic  resistance  of  the  cell  with  different  types  of  bipolar  plates. 
The  ohmic  resistances  of  the  cell  with  titanium  bipolar  plates  before 
and  after  corrosion  test  were  0.39  and  0.45  £2,  respectively.  These 
results  indicated  that  electro-deposition  of  platinum  on  the  tita¬ 
nium  bipolar  plate  can  effectively  suppress  the  passive  oxide  layer 
formation,  resulting  in  high  URFC  performance. 

The  problem  with  using  a  carbon-based  bipolar  plate  is  the  sig¬ 
nificant  corrosion  on  the  surface  of  the  carbon  bipolar  plate  [9]. 
This  corrosion  leads  to  increased  ohmic  resistance  and  decreased 
cell  performance  after  the  operation  of  unit  cell  at  high  potential, 
such  as  2.0  V  for  1  h.  However,  the  titanium-based  bipolar  plate 
after  the  electrochemical  deposition  of  platinum  does  not  show 
any  corrosion  on  the  surface  of  the  platinum-deposited  titanium 
bipolar  plate.  Additionally,  as  shown  in  Table  2,  the  carbon-based 
bipolar  plate  showed  a  significant  difference  in  the  cell  resistance 
before  and  after  the  operation  of  the  unit  cell  at  2.0  V  for  1  h  due  to 
the  severe  corrosion  of  the  carbon  bipolar  plate.  In  other  words,  the 
resistance  difference  in  the  unit  cell  with  the  carbon-based  bipolar 
plate  mainly  comes  from  the  increased  contact  resistance  between 
the  MEA  and  the  corroded  carbon-based  bipolar  plate,  in  addition  to 
the  degradation  of  the  GDL  in  the  MEA.  The  titanium-based  bipolar 
plate  after  the  electro-deposition  of  platinum  showed  a  relatively 
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Table  2 

Ohmic  resistance  of  cell  with  difference  types  of  bipolar  plates  after  the  operation  of  unit  cell  at  2.0  V  for  1  h. 


1955 


Corrosion  test  of  bipolar  plate  (operation  of  unit  cell  at  2.0  V  for  1  h) 

Resistance  (£2) 

Before  corrosion  test 

After  corrosion  test 

Carbon-based  bipolar  plate 

0.15 

1.24 

Titanium-based  bipolar  plate 

0.39 

0.45a 

Pt/Ti  bipolar  plate 

0.15 

0.17 

a  The  resistance  increase  rate  is  0.06  Q,  h- 1 . 


small  difference  in  the  cell  resistance  before  and  after  the  operation 
of  unit  cell  at  2.0  V  for  1  h.  The  small  difference  of  the  ohmic  resis¬ 
tance  in  the  unit  cell  with  the  Pt/Ti  bipolar  plate  is  probably  due  to 
the  degradation  of  the  GDL,  because  no  corrosion  was  observed  on 
the  Pt/Ti  bipolar  plate. 

Fig.  8  shows  the  performance  stability  of  the  unit  cell  with  dif¬ 
ferent  bipolar  plates  after  the  operation  of  the  cell  at  2.0  V  for  1  h 
every  day.  As  shown  in  Fig.  8(a),  the  unit  cell  with  carbon-based 
bipolar  plates  shows  poor  stability  after  the  operation  of  the  unit 
cell  in  harsh  conditions.  Aside  from  the  corrosion  of  the  GDL,  this 
is  mainly  due  to  the  corrosion  of  the  carbon  bipolar  plate,  lead¬ 
ing  to  the  increased  contact  resistance.  As  shown  in  Fig.  8(b),  the 
unit  cell  with  the  Pt/Ti  bipolar  plates  exhibits  better  stability  than 
that  with  carbon-based  bipolar  plates  after  the  operation  of  unit 
cell  at  2.0  V  for  1  h.  Because  there  is  no  corrosion  on  the  surface 
of  Pt/Ti  bipolar  plate,  the  main  reason  for  performance  degrada¬ 
tion  in  the  polarization  curve  is  probably  the  degradation  of  the 
GDL.  In  spite  of  the  degradation  of  the  material  in  the  MEA  at  the 
severe  condition  of  corrosion,  the  stability  of  unit  cell  performance 
was  significantly  improved  by  the  electrochemical  deposition  of 
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Fig.  8.  The  stability  of  the  unit  cell  performance  after  the  operation  of  cell  at  2.0  V 
for  1  h  every  day  with  (a)  carbon-based  bipolar  plate  and  (b)  platinum-deposited 
titanium  bipolar  plate. 
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Fig.  9.  Long-term  cycling  test  of  the  URFC  in  both  fuel  cell  mode  and  electrolyzer 
mode  for  1 00  h  at  current  density  of  300  mA  cirr 2 . 


platinum  on  the  titanium  bipolar  plate.  This  improved  stability  is 
mainly  due  to  the  suppressed  corrosion  and  formation  of  an  oxide 
layer  on  the  surface  of  Pt/Ti  bipolar  plate. 

Based  on  the  stability  data  of  the  unit  cell  with  Pt/Ti  bipolar 
plates  in  the  polarization  curve,  a  long-term  cycling  test  of  the 
URFC  was  carried  out  in  both  fuel  cell  and  electrolyzer  mode  for 
lOOh  at  the  current  density  of  300  mA  cm-2  as  shown  in  Fig.  9. 
The  potentials  were  kept  at  0.79  V  and  1.58  V  in  fuel  cell  mode 
and  electrolyzer  mode,  respectively.  Thus,  the  potential  stability 
in  both  fuel  cell  mode  and  electrolyzer  mode  is  very  promising 
for  the  reasonable  application  of  URFCs  using  platinum-deposited 
titanium  bipolar  plates.  The  platinum  coating  is  an  expensive 
approach.  However,  in  order  to  test  the  catalyst  performance  under 
URFC  operating  conditions,  use  of  highly  stable  bipolar  plates  are 
mandatory. 


4.  Conclusion 

Platinum  deposition  on  the  titanium  bipolar  plate  has  been  per¬ 
formed  in  a  platinum  precursor  solution  using  an  electrochemical 
deposition  technique.  For  the  optimal  deposition  of  platinum  on 
the  titanium  bipolar  plate.  The  process  parameters  such  as:  pre¬ 
treatment  of  titanium  plate,  applied  current  density,  duration  of 
the  platinum  deposition,  acidity  and  the  concentration  of  the  plat¬ 
inum  precursor  solution,  and  plating  temperature  were  optimized 
in  this  study.  The  initial  performance  of  the  unit  cell  with  newly 
prepared  Pt/Ti  bipolar  plates  has  been  significantly  improved  due 
to  the  suppressed  formation  of  the  passive  oxide  layer.  The  polar¬ 
ization  studies  indicated  a  good  stability  after  operation  of  the  unit 
cell  at  2.0  V  for  1  h  and  in  the  cycling  test  at  a  current  density 
of  300  mA  cm-2.  The  deposition  of  platinum  on  titanium  bipolar 
plates  effectively  inhibits  the  formation  of  the  oxide  layer  and 
the  corrosion  on  the  titanium  surface,  leading  to  a  decreased  con¬ 
tact  resistance  and  good  stability  for  the  long-term  operation  of 
URFCs. 


1956 
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